In a previous paper by Dunham and Rake (1948) the successful propagation of Donovania granulomati8 on artificial media, after adaptation, was described. Since that publication the strain has been maintained for additional passages on the media containing equal parts of 3 per cent agar in beef heart infusion broth and modified Levinthal's stock broth. The present communication will describe the later behavior of this strain together with certain details of gross and microscopic morphology.
MATERIALS AND METHODS
The following artificial media have been employed: (1) Beef heart infusion broth.
(a) Trim fat from fresh beef hearts and grind the lean meat. (Used as broth, or as agar with 1.5 per cent Difco agar.) (2) Rabbit blood agar or broth.
Add 4 per cent fresh citrated rabbit blood to the foregoing beef heart infusion media. In the case of the agar, it is cooled to 40 C before the blood is added and the plates are poured immediately thereafter. (3) Levitnthal beef heart medium.
(a) To 425 ml of medium (1) Williams and Wyckoff (1946) and Hillier and Baker (1946) have been followed. RESULTS The culture on Levinthal beef heart infusion agar has been maintained for 43 passages. For transfer, 1 ml of beef heart infusion broth is added to the tube, the colonies are rubbed off into the broth, and 0.1 ml is transferred to the new slant. Cultivation in the later pasages occurred more readily than it did originally, but it has never been luxuriant. Colonies appeared within 48 hours scattered all over the slant. Colonies were at first translucent and shiny. They increased in size until the larger measured some 1.5 mm in diameter, gradually becoming gray and, later, brownish in color. In the later passages the stringy mucoid character noted earlier was, to a large degree, lost.
Throughout the whole series of pasages on this agar medium, on every occasion that a transfer was made to a new slant, i.e., every 7 to 12 days, a tube of beef heart infusion broth was also inoculated with 0.05 ml of the culture suspension. For the first 25 passages no growth occurred in these broth tubes in the 12-day period over which they were held. On the twenty-sixth passage growth appeared in 1 tube of broth of the 3 used for the 3 separate subcultures. The growth did not appear before the sixth day; it was scanty and appeared first in the surface layers of broth. By the tenth day the organisms were lysing and the turbidity in the tube was clearing. Since the twenty-sixth passage similar transfers to the beef heart broth tubes have usually, but not invariably, produced evidence of growth similar to that just described. With such a broth culture originating from the material transferred from the twenty-seventh pasage, serial transfers in beef heart broth were originated and have now been carried for 38 passages. During these passages the growth characteristics have remained unchanged. Growth was scanty. It appeared in about 48 hours and increased for 5 to 7 days with some precipitation of larger clumps to the bottom of the tube, after which the turbidity tended to clear. Transfers have been made at from 4-to 13-day intervals.
Subculture of this beef heart broth culture was made after 14 and 38 serial transfers in this medium to Levinthal's agar, rabbit blood agar, and beef heart agar. All subcultures from the fourteenth transfer grew out more readily on the Levinthal's agar (first growth apparent in 6 days) than on the rabbit blood agar (first growth apparent in 11 days) or on the beef heart agar (first growth apparent in 17 days). Subculture from the thirty-eighth transfer grew out on Levinthal's agar in 4 days, on rabbit's blood agar in 7 days, and on beef heart agar in 9 days.
The microscopic appearance of the organism in beef heart broth, whether under the light microscope or the electron microscope (see below), did not differ from D. granulomatis passed in the yolk of the embryonated chicken's egg or on Levinthal's agar. Under the light microscope the organisms of the beef heart broth 668
[VOL. 55 culture showed themselves to be pleomorphic gram-negative bacilli with characteristically prominent polar granules. Many very long chains, looking like coiled filamentous forms, were present, and single organisms tended to be commashaped. In older organisms one could often see clearly the retraction of the bacterial substance from the cell wall. Both the culture on the Levinthal agar slants (after 25 passages) and the culture in the beef heart (sterility) broth derived from the fortieth passage on Levinthal agar slants have been reinoculated into 6-day embryonated chicken's eggs by the yolk sac route, and maintained there bypassageat3-or 4-dayintervals. behavior of other eg pase egg strains has differed in no way from that of the original culture of D. granulomatis, received from Dr. Anderson, when that was carried in eggs by us, whereas the second has differed only in respect to the behavior of small inocula, of the yolk used for egg-to-egg passage, into beef heart broth. Scant growth, simillar to that in the broth culture initiating this egg strain, occurred with all passage material tested. Such growth has never occurred from other egg passage material. Samples of this passage yolk also gave good growth on Levinthal's agar slants in 2 days, and slight growth on rabbit blood agar slants or beef heart infusion slants in 6 or 7 days.
After (Dunham and Rake, 1948; Rake, 1948) prepared from the original egg (yolk sac) strain that had never been on artificial media or from the Levinthal slant passage strain. The somewhat complicated history of the various materials discussed above is shown diagrammatically in figure 1 . ELECTRON MICROSCOPY D. granulomatis organisms growing under the different conditions described above have been examined repeatedly under the electron microscope, uitilizing the techniques mentioned under iIaterials and AMethods. In general, the same appearance has been found with organisms produced by the various cultural methods, and illustrations are given of organisms from yolk sac cultures, from the colonies on yolk beef heart infusion agar (]Dunham and Rake, 1948) and Levinthal's agar, and from the scanty grow^-th in beef heart infusion broth.
In figure 2, nos. 1 to 7 are of organisms from yolk sac cultures; in figures 2-3, nos. 8 to 12 are from cultures on yolk beef heart infusion agar (Dunham and Rake, 1948) ; in figure 3, nos. 13 to 16 are from cultures on Levinthal beef heart infusion agar; and in figures 3-4, nos. 17 to 25 are from cultures in beef heart infusion broth. In figure 4, nos. 26 to 29 are of Kiebsiella pneumoniae growing in tryptone broth. All magnifications are the same (X 8,850) except for figure 3, nos. 13 (X 8,620), 14, and 15 (X 7,250), which unfortunately were taken at primary magnifications such that, for technical reasons, they could not be brought into exact agreement with the other micrographs.
In general, there is agreement in morphology betwN-een organisms from different media. No definite encapsulation is to be seen. The capsulelike appearance in figure 2, nos. 1 and 5, for example, would seem to be due to slight separation of the plasma membrane from the cell wall, which is a very characteristic and pro- 2-3, nos. 2, 4, 6, 10, 11, 13, 14, and 19) . As has been noted elsewhere (Dunham and Rake, 1948) , the loss of capsular material occurred gradually during the original egg yolk passages and first transfers on artificial media, and has been associated with a loss of mucoid characteristics in yolk and colony. There is a definite indication of a "sticky" surface to the cell wall, however, and adherent particles or other material can be seen in figures 3-4, nos. 15, 17, 18, 21 , and 22. The cell wall, whether in the intact cell or in the autolysed specimens, often shows pronounced and characteristic wrinkling figures 2-4, nos. 5, 9, 10, 16, 21, 23, and 24).
Polar granules are prominent in the cytoplasm (figures 2-4, nos. 1, 4, 6, 8, 9, 19, and 24) , and they appear to be more resistant to lysis than the remainder of the cytoplasm, so that the cell wall and polar granules are often all or almost all that remain (figures 2-4, nos. 7, 8, 12, 19, 24, and 25) . Other bodies are seen not infrequently within the cytoplasm (figures 2-4, nos. 1, 8, 17, and 22).
The organism is characteristically a short plump bacillus, but considerable pleomorphism is found. The length varies from 1.5 ,u to 4.5 , and the breadth from 0.8 ,u to 1.4 A. The significance of the still smaller bodies, seen for example in figure 3, nos. 15 and 18, is uncertain. They measure 1.4 , to 1.5 ,t in length and 0.5 ,u to 0.7 , in breadth and show all the characteristics of the larger forms. They are of such a size, of course, as would pass through a Berkefeld V or an even smaller filter. Their relationship to filterable organisms of possible etiological importance in granuloma inguinale (DeMonbreun and Goodpasture, 1933) has been discussed elsewhere (Rake, 1948) .
Prior to division the elongated bacilli tend to bocome comma shaped (figure 3, nos. 2, 3, 10, 11, 12, 17, and 20) . In many cases the division is not complete, and chains of 15 or more bacilli occur stretching across many fields of the electron included (figure 4, nos. 26 to 29) . The general similarity between the two microorganisms is apparent. It must be emphasized, however, that there is little cultural resemblance betw-een the luxuriant growth of K. pneumoniae and the, at present, scant growth of D. granulomatis in the media tested. SUMMARY DLonovania granuromatis, after adaptation, growss on many artificial media. Neither by antigenic composition (as tested with the complement fixation test) nor by morphological appearance under light or electron microscopes can these organisms growing on artificial media be distinguished from the original culture after repeated propagation in the yolk sac of the chicken embryo. In our hands, hoNvever, luxuriant growth has never occurred on any artificial medium.
As has been show-n elsewhere (Rake, 1948) D. granulomatis has antigenic relationships to Klebsiella pnucumoniae. Electron micrographs indicate a morphological similarity between the two organisms.
